Analysis of 213 field isolates of Botrytis cinerea and 240 ascospore isolates of its sexual form Botryotinia fuckeliana indicated that sexual compatibility of this fungus is controlled by a single mating type gene with two alleles. Most isolates were heterothallic, that is, they were self-sterile and able to produce ascospore progeny when crossed with reference strains carrying the mating type gene MATI-1 or MATI-2. About 16% of the field isolates and 6% of the ascospore progeny were homothallic, that is, self fertile and compatible with both MATI-I and MATI-2 strains. Both mating types are widespread in nature. The close association of MA TI-I and MA TI-2 field isolates on various hosts in several regions of Italy shows that sexual reproduction and meiotic recombination might be an important source of genetic variation in this pathogenic fungus.
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There is also evidence for self-sterility and heterothallism in species of Botryotiniu. Drayton (1937) and Drayton & Groves (1952) obtained apothecia of Botryotiniu convolutu Drayt. and Botryotinia narcissicola (Gregory) Buchw., respectively, by crossing different isolates. Hennebert & Groves (1 963) showed that there are two mating types of Botryotiniu rununcoli Hennebert et Groves, and that isolates are self-sterile. Monoconidial isolates of Botryotiniu squumosu ViennotBourgin fell into two groups of sexual compatibility, and the compatibility difference segregated 1 : 1 among ascospore progeny from four different crosses (Bergquist & Lorbeer, 1972) ; these authors concluded that mating compatibility was under the control of a single gene with two alleles.
There is scant information on the sexual compatibility and mating types of Botryotinia fuckeliuna. Groves & Loveland (1 953) carried out crosses between monoascospore cultures derived from isolates of Botrytis cinereu collected from diseased plants in Switzerland and Canada and concluded that the fungus was heterothallic. In further experiments they also observed that field isolates of the fungus obtained from grapes in California were self-fertile but believed such cultures to be mixtures of isolates of different mating type. More recently, Lorenz & Eichhorn (1 983) found homothallic and heterothallic cultures among isolates collected from grapevine in Germany as well as among their monoascospore offspring.
This paper reports the results of mating experiments with field isolates of Botrytis cirtereu and ascospore progeny of Botryotinia fuckelianu. The aims of the investigation were to clarify the mating system and sexual compatibility of the fungus and to determine a suitable methodology for genetic studies.
METHODS
The field isolates of Botrytis cinerea (prefixed WS) were obtained from naturally infected plants in [1985] [1986] [1987] ( Table 4) . These isolates were maintained on slants of solid Czapek medium at 5 "C and periodically transferred to fresh medium. Monoascospore isolates of Botryotiniu fuckeliana with the prefix SAS were derived from individual asci in a previous investigation (Fardtra & Antonacci, 1987) . The other monoascospore isolates were random progeny from crosses of field isolates. All monoascospore cultures were maintained on slants of potato/sucrose agar.
The morphological features of the isolates were assessed after 10 d growth on slants of potato/dextrose agar in the dark at 22 k 1 "C. They were classified as 'sclerotial type', 'mycelial type' and 'conidial type', these being the three morphotypes recognized by Paul (1929) . Intermediate designations were used for isolates with less clear-cut morphotypes.
The methodology of Faretra & Antonacci (1987) was used to make earlier crosses between the field isolates and monoascospore cultures and to derive ascospore progeny. In this study, however, a mixed suspension of microconidia, macroconidia and mycelial fragments from each isolate was used as the 'male' parent to spermatize the sclerotia of each 'female' parent. In each pairwise combination, the two isolates were selfed and used as both male and female parent in sexual crosses. Sclerotia that were not spermatized, and sclerotia that were massspermatized by all the strains involved in the mating experiment, were used as controls. Three replicate cultures on quartz sand kept in a growth chamber for 4 months were used to determine mating reactions. During this period, the presence of primordia and apothecia was checked weekly.
In additional experiments, two standard reference strains (see below) were used to determine the sexual compatibility of unclassified isolates, using the improved method of Faretra et al. (1988) . Each isolate was paired with the reference strains, both as sclerotial and as spermatizing partner, and unspermatized sclerotia were used as the controls. Observations were made at 7 d intervals during 3 months exposure of sclerotia to visible light.
R E S U L T S A N D D I S C U S S I O N
The results of the mating experiments showed that most field isolates (Table 1) and all ascospore isolates (Table 2) were self-sterile. With only one exception, the isolates could be divided into two groups on the basis of their intra-group sterility and inter-group fertility (Tables  1 and 2 ). An exceptional isolate, WS180, was self-fertile and cross-fertile with all other isolates with the exception of WS169 ( Table 1) .
The connection between compatibility groups of field isolates and ascospore isolates was investigated by intercrossing representative cultures. Isolates WS55 and SAS56, and WS158 and SAS405, formed two compatibility groups displaying intra-group sterility and inter-group Mating system of Botryotinia fuckeliana 2545 USP, unspermatized sclerotia. Matings enclosed in blocks are those predicted to be fertile by a simple mechanism of bipolar heterothallism. The WS55 isolate was from rose and the others from grapevine.
Based on three replicates of each cross.
Male parent (spermatia) fertility. Consequently, most isolates, irrespective of origin, could be assigned to one of two compatibility groups. These results indicate that a single locus with two alleles controls mating type in Botryotinia fuckeliana. Our findings and conclusion are in agreement with those of Groves & Loveland (1953) . Using the nomenclature suggested by Yoder et al. (1986) , the locus has been designated MA TI ; the MA TI-I allele has been assigned to isolate SAS56 and the M A TI-2 allele to isolate SAS405. Isolates SAS56 and SAS405 were used as reference strains to determine the mating type of all other isolates used in this study.
This genetic explanation was reinforced by the 1 : 1 segregation of the MATI-I :MATI-2 mating type difference among the combined ascospore progeny of 24 different crosses (Table 3) . However, a few monoascospore cultures were sexually compatible with both the MATI-l and M A TI-2 reference strains and produced apothecia from unspermatized sclerotia ; these cultures were designated MA TI-If2 (Table 3) .
Out of 213 field isolates of Botrytis cinerea tested for mating type, 99 were classified as MATI-I,80 as MATI-2, and 34 as MATI-I/2 ( Table 4) . The MATI-I/2 isolates were frequently self-fertile. There was no obvious correlation between an isolate's mating type and its morphology or its ability to produce sclerotia and apothecia (Table 4) .
Ten monoconidial progeny were derived from each of six homothallic (i.e. self-fertile) field isolates and tested for mating type. The results of these tests (Table 5 ) showed that cultures originating from single macroconidia can be either homothallic (MA TI-I/2) or heterothallic ( M A TI-l or M A TI-2). This indicates that segregation of compatibility determinants occurs during conidiogenesis, so that either or both alleles of the mating-type gene can be present in a conidium. 
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In our study, the apothecia of Botryotinia fuckeliana originated exclusively from sclerotia. It is probable, therefore, that the sclerotia are an essential part of the life cycle required for sexual reproduction. Although isolates unable to produce sclerotia did not function as female parents in sexual crosses, our data show that this is not a complete barrier to outcrossing, because the microconidia and the vegetative cells of the same isolate were always successful as male gametes in crosses with compatible isolates. The typical, sclerotia-forming, isolates were usually able to function as both male and female parents in sexual crosses.
The phenotypes of field isolates were very variable under laboratory conditions, depending on the medium, temperature, light and other environmental factors. Cultures maintained on aqueous media often lost the ability to produce sclerotia and apothecia. It is possible, therefore, that isolates unable to function as female (sclerotial) parents in the laboratory can do so under field conditions.
The sclerotia of some isolates were not able to germinate carpogenically even in compatible crosses. Bergquist & Lorbeer (1 972) observed a similar phenomenon in Botryotinia squamosa and hypothesized that such cultures carry one or more factors that interfere with the development of sclerotia and/or apothecial initials. In this investigation, segregation of such factors was not apparent among the offspring of matings in which these isolates acted as male parents. That is, we found no evidence of a simple major gene system responsible for this alteration in sclerotial development.
A few of the field isolates and monoascospore progeny were self-fertile and compatible with either of the two reference strains. Isolates of Botryotinia fuckeZiuna with similar properties were reported by Lorenz & Eichhorn (1983) . In Botryotinia squamosa, self-fertility of normally heterothallic isolates (i.e. secondary homothallism) has been ascribed by Lorbeer (1985) to the Mating system of Botryotinia fuckeliana (98) 14 (13) presence of genetically different nuclei in heterokaryotic vegetative cells such as mycelium, conidia and sclerotia. The ability of Botrytis cinerea to produce heterokaryotic vegetative cells has been recognized since the classic study of Hansen & Smith (1932) . Heterokaryosis, therefore, provides a genetic explanation for secondary homothallism of field isolates and vegetative progeny of Botrytis cinerea. But it does not account satisfactorily for the self-fertility of monoascospore isolates, as it is unlikely that individual ascospores will contain more than one nuclear genotype. In fact, it has been observed that during ascus development in Botryotinia fuckeliana a single nucleus is included in each ascospore (Lorenz & Eichhorn, 1983; Faretra & Antonacci, 1987) . Various genetic mechanisms are known to underlie secondary homothallism in heterothallic fungi. Examples include: regular inclusion in each ascospore of two nuclei carrying opposite compatibility alleles, such as occurs in some four-spored ascomycetes (Dodge, 1927 ; Franke, 1957) ; coexistence of mating type determinants in heteroploid isolates (for a review see Tolmsoff, 1983) ; mutation of the mating-type gene, as in filamentous ascomycetes, e.g. Glomerella cingulata (Stonon.) Spauld. et Schrenk (Wheeler, 1950) , and the ascospore dimorphic Cromocrea spinulosa Seaver (Mathieson, 1952) and Scferotinia trifoliorum Erikss. (Uhm & Fujii, 1983) ; and transposition of mating-type genes, as in yeasts (Beach et al., 1982; Egel, 1977 Egel, , 1984 Egel & Gutz, 1981 ; Haber, 1983) . It is also possible that irregularities during meiosis affect the distribution of nuclei into ascospores. Further study of monoascospore isolates is needed to reveal whether any of these genetic processes is responsible for secondary homothallism in Botryotinia fuckeliana. In fact, more cytological studies of asci of known parentage, analysis of monoascospore progeny of homothallic and heterothallic strains carrying genetic markers, and careful observation on the segregation of MATI gene from heterokaryons should help to clarify the question. Apothecia of Botryotinia fuckeziana appear to be rare in nature (Grindle, 1979) . Our survey of natural populations of Botrytis cinerea in Italy has shown that field isolates of this pathogen from different host plants in the same or neighbouring locations frequently carry opposite alleles of the MATI mating-type gene. It seems unlikely, therefore, that the rarity of apothecia is due to the rarity of compatible isolates that can generate sexual progeny when intercrossed. Furthermore, some of the field isolates were homothallic, having the ability to produce apothecia without cross-fertilization. These observations show that sexual reproduction is potentially an effective and widespread method for releasing new genetic variants of Botrytis cinerea into natural populations where prevailing environmental conditions are conducive to differentiation of sclerotia and their carpogenic germination.
The production of apothecia under laboratory conditions is a slow and tedious process. Nevertheless, our studies have resulted in a reliable method for detecting sexually compatible isolates and obtaining sexual progeny from crosses of diverse parents. It should now be possible to carry out detailed genetic analysis of this important plant pathogen, which has remained virtually unexplored at the genetic level since its teleomorphic stage was first obtained in culture by Groves & Drayton (1939) .
